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investigated the predictive value of NT-proBNP, hs-CRP, or cystatin C when adjusted for ABP and no studies have reported on the relation to incident ASCVD. The aim of this study was to investigate whether the association between the CVD risk biomarkers NT-proBNP, hs-CRP, and cystatin C and incident ASCVD is independent of traditional CVD risk factors and ABP and vice versa in a population-based cohort of elderly men. A secondary aim was to evaluate whether a new predictive model based on traditional risk factors together with ABP and with the addition of biomarker combinations improved risk discrimination and net reclassification.
Method
The Uppsala Longitudinal Study of Adult Men (ULSAM) was initiated in 1970 when all 50-year-old men born in 1920 to 1924 living in Uppsala, Sweden, were invited to participate in a study that aimed to identify risk factors for cardiovascular disease. The study is described in detail at www.pubcare.uu.se/ULSAM. The present study was based on data from follow-up in 1991 to 1995 when subjects reached ≈70 years of age. From the original patient inclusion, 1681 were still alive, living in Uppsala and 1221 of the subjects participated in the 1991 to 1995 follow-up. All patients with missing values in ABP or any of the investigated variables were excluded, leaving 1024 subjects. Before the baseline examination, 117 subjects had been hospitalized because of coronary heart disease, heart failure, or cerebrovascular disease ( 
BP Measurements
BP was measured in the right arm with a sphygmomanometer using the appropriate cuff size. Recordings were taken with the subject in the supine position after resting for 10 minutes. ABP was measured with Accutracker II (Suntech Medical Instruments, Raleigh, NC). 11 Details of BP measurements are presented in the online-only Data Supplement.
Laboratory Examination
Laboratory methods are presented in the online-only Data Supplement.
Survival and Hospitalization Data
The end point was a new event of ASCVD defined as fatal or nonfatal myocardial infarction or fatal or nonfatal stroke. Event data were obtained from the Swedish Hospital Discharge and Cause of Death Registries according to the International Classification of DiseasesTenth Revision: I21, I22, I61, I63, I64 and International Classification of Diseases-Ninth Revision: 410, 411.8, 431, 433 and 434. Only main discharge and main death diagnosis were used to identify events. All observations were censored at 10 years after the baseline visit (1991) (1992) (1993) (1994) (1995) .
Ethical Approval
The study was approved by the ethics committee of Uppsala University: DNR: 251/90. All participants gave informed consent.
Statistical Method
A basic ASCVD risk model was used that included the traditional CVD risk factors age, smoking, diabetes mellitus, treatment for hypertension, lipid-lowering medication, body mass index, cholesterol, high-density lipoprotein cholesterol, and office SBP, all of which have previously been used as risk factors in the ULSAM cohort (basic ASCVD risk model). The basic ASCVD risk model was altered by adding ABP variables one at a time and by exchanging office SBP for ABP variables one at a time. Cox regression was used to estimate the association between the variables in the models and incident ASCVD. For each of these models, a measure of predictive power, Harrell's C, was calculated. 12 Confidence intervals for the difference in c-statistics between models were calculated by bootstrap resampling. 13 Two ABP models (24-hour SBP and 24-hour PP) were chosen for further analyses. The biomarkers were added, alone and in combinations, to the basic ASCVD risk model and to the chosen ABP models and new models were created. Finally, the new models were compared with the same model that also included 24-hour SBP and 24-hour PP, respectively. The variables NT-proBNP, hs-CRP, and cystatin C were logarithmic transformed because of skewness. All continuous variables presented in the models were standardized, with the consequence that the interpretation of the regression coefficients was in terms of 1 change in SD. Observations with missing values on at least 1 covariate were excluded from the analysis. Schoenfeld residuals were used to test the assumptions of proportional hazards.
Two other measures of difference in discriminations between the models were used, category-free net reclassification improvement (cNRI) and integrated discrimination improvement (IDI) for survival data according to Uno et al. 14 When comparing 2 models in cNRI, a model is considered better in terms of predictability if individuals without events move to a lower risk and individuals with events move to a higher risk. IDI is based on predictive probabilities of events within the 2 event groups. A new model is considered better if the estimated probability of events is higher for individuals with events and lower for individuals without events. P values <0.05 were considered statistically significant. All statistical analyses were made with the statistical software Stata (version 13) and R (version 3.1).
Results
Baseline characteristics are displayed in Table 1 . Median follow-up time was 10 years. All variables fulfilled the assumption of proportional hazards. All variables were predictive of outcome in crude analysis except for age (P=0.31), lipid-lowering medication (P=0.79), and body mass index (P=0.23; Hazard ratios for all adjusted ABP variables and C-statistics for the different ABP models are presented in Table S1 in the online-only Data Supplement. The performance of the 2 ABP (24-hour SBP model [ASBPm] and 24-hour PP model; APP hazard ratio, 1.25; P=0.002) models that were chosen for further analyses with biomarkers compared with the basic ASCVD risk factor model is shown in Table 3 . The AUC for the ASBPm was higher when compared with the basic ASCVD risk model but net reclassification was not significantly improved. The addition of any of the biomarkers to the basic ASCVD risk model did not improve AUC. However, the addition of NT-proBNP improved reclassification. The comparisons between the ABP-biomarker models and the ABP models are shown in Table 3 . No significant improvement in C-statistics was observed when we compared combined ABPbiomarker models with the ASBPm or 24-hour PP model, respectively (Table 3) . However, the addition of NT-proBNP, but not the other biomarkers, significantly improved net reclassification as well as IDI when compared with both to the ASBPm and to the 24-hour PP model (Table 3 ).
To determine the additive effect of ABP to models including biomarkers, we compared the ASBPm and the 24-hour PP model biomarker models to the basic ASCVD risk model with the corresponding biomarker combination. None of the combined ABP-biomarker models improved AUC to the corresponding basic ASCVD-biomarker risk models (Table 4) . However, the addition of 24-hour SBP to a basic ASCVD risk model with NT-proBNP improved net reclassification (+19.2%; P=0.042) but not when added to any of the other biomarker models. IDI did not improve when we added 24-hour SBP or 24-hour PP to the basic ASCVD risk model combined with biomarkers (Table 4) .
Discussion
In this study, we investigated whether the biomarkers NT-proBNP, hs-CRP, and cystatin C provided independent predictive information when added to a basic risk prediction model with and without ABP. The addition of 24-hour SBP improved prediction of incident ASCVD when compared with office SBP in elderly male subjects but did not improve net reclassification. However, when we added NT-proBNP net reclassification improved. A novel finding of this study was that NT-proBNP had additional predictive value when added to an ABP model, whereas hs-CRP and cystatin C did not. Furthermore, 24-hour SBP had additive predictive value to a traditional risk factor model including NT-proBNP.
ABP provides a more accurate measurement of BP values than office BP and in addition, a BP profile for 24 to 48 hours reveals both masked hypertension and nondipping patterns. ABP monitoring is commonly used for patients with large variability in BP readings in the office and when there is a suspicion of white-coat hypertension or masked hypertension. However, according to the current European guidelines, ABP should be considered in more BP evaluations or even routinely used because of the additive information it provides 15 in treatment decisions and in monitoring treatment effect. ABP is also superior to office BP as a predictive marker for future CVD events. 16 A positive correlation between ABP and the biomarkers NT-proBNP, 6 hs-CRP, 7 and cystatin C 8 has been observed in different populations. Furthermore, in crosssectional studies, associations between the level of natriuretic peptides and either nondipping, 17, 18 BP load, 19 as well as cardiac hypertrophy or dysfunction have been reported. Despite the knowledge of such associations, few studies have investigated whether NT-proBNP, hs-CRP, and cystatin C predict incident ASCVD independently of ABP. To our knowledge, only Paget et al 10 have showed NT-proBNP to be independent of ABP as a predictor of outcome. However, their study population was younger and consisted of hypertensive patients in a specialized clinical setting. Furthermore, their outcome consisted of all-cause death, whereas in our study, the outcome was all ASCVD events, which hampers comparisons.
The finding that NT-proBNP improved risk discrimination to ABP is not surprising. Earlier studies show a strong Values expressed as n (%) for categorical variables and as mean (SD) or median (interquartile range) for continuous variables. BMI indicates body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; PP, pulse pressure; and SBP, systolic blood pressure. All continuous variables are standardized, HRs are for change in 1 SD. BMI indicates body mass index; CI, confidence interval; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HR, hazard ratio; hs-CRP, highsensitivity C-reactive protein; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; PP, pulse pressure; and SBP, systolic blood pressure. However, an earlier study showed that biomarkers including NT-proBNP had minimal additive value in risk classification when added to traditional risk factor model in a community-based setting. 21 In the present study, we showed that NT-proBNP did have additive value in risk assessment when added to a model consisting of traditional risk factors and ABP and also when added together with ABP to a Office blood pressure is exchanged for either 24-h SBP or 24-h PP in each basic CVD risk factor model with biomarkers. AUC is based on Harrell's C. CIs for the difference in c-statistics between models is calculated by bootstrap resampling. AUC indicates area under the receiveroperating characteristic curve; CI, confidence interval; cNRI, category free net reclassification improvement; CVD, cardiovascular disease; hs-CRP, high-sensitivity C-reactive protein; IDI, integrated discrimination improvement; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; PP, pulse pressure; and SBP, systolic blood pressure *Basic CVD risk factor model consists of SBP office, serum cholesterol, high-density lipoprotein, body mass index, age, treatment for hypertension (yes/no), diabetes mellitus (yes/no), lipid-lowering treatment (yes/no), and smoking status (yes/no) AUC is based on Harrell's C. CIs for the difference in c-statistics between models is calculated by bootstrap resampling. AUC indicates area under the receiver-operating characteristic curve; CI, confidence interval; cNRI, category free net reclassification improvement; CVD, cardiovascular disease; HR, hazard ratio (apply for a 1 SD increase in the variable added to the model); hs-CRP, high-sensitivity C-reactive protein; IDI, integrated discrimination improvement; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; PP, pulse pressure; and SBP, systolic blood pressure.
*Basic CVD risk factor model consists of SBP office, serum cholesterol, high-density lipoprotein, body mass index, age, treatment for hypertension (yes/no), diabetes mellitus (yes/no), lipid-lowering treatment (yes/no), and smoking status (yes/no).
by guest on July 7, 2017 http://hyper.ahajournals.org/ Downloaded from traditional risk factor model. Thus, there are differences in design but also differences in the studied populations that may contribute to the different findings of the 2 studies. There is a known correlation between NT-proBNP and ABP 6 ; however, in a recent study, we showed that NT-proBNP was a predictive marker independent of ABP in patients with peripheral arterial disease. 9 Zethelius et al 5 have previously reported additive value of a panel of biomarkers (including NT-proBNP) when added to a traditional CVD risk model, both in risk prediction and in discrimination with CVD death as outcome. NT-proBNP is highly associated with congestive heart failure because NT-proBNP is secreted from cardiac myocytes when stimulated by myocardial stretch. Therefore, the association with CVD and CVD death in clinically healthy patients with elevated NT-proBNP may be because of preclinical congestive heart failure related to hypertensive and atherosclerotic heart disease. Hence, in a clinical setting where ABP has been performed, our results suggest that NT-proBNP may have additional value to identify high-risk patients and affect treatment decisions.
In our study, hs-CRP alone did not improve prediction or discrimination beyond that of traditional risk factors (Table 3 ). This was an unexpected finding considering that many previous studies have shown hs-CRP to be an independent predictive marker for incident CVD. 22 The use of hs-CRP in risk stratification in addition to traditional risk factors has also been suggested in recent guidelines. 2 A previous study in elderly men showed that hs-CRP was correlated to ABP. 7 In a study in patients with peripheral arterial disease, hs-CRP was a predictor for CVD events independent of APP and the addition of hs-CRP improved risk discrimination in this setting. 9 Despite previously reported positive associations between hs-CRP and incident CVD, there is still debate whether CRP has a role in predictive CVD models. 23 Cystatin C is used for estimating kidney function through estimating glomerular filtration rate. Kidney function is associated with CVD and cystatin C has been shown to be a predictive marker for CVD. 24, 25 As for hs-CRP, cystatin C did not improve prediction or discrimination in our study.
In our elderly cohort, many patients died from other causes than ASCVD, which resulted in a high degree of censored observations, which might have lowered the power of the study. It is also well known that the test of difference in Harrell's C has low statistical power when the base model already has reasonably good predictability. 26 Therefore, Pencina et al 26 developed 2 additional measures of predictive power, NRI, and IDI. NRI is based on having predefined risk categories but results heavily depend on relevant cutoffs in order for patients to change risk categories when comparing models. Therefore, Uno et al 14 further developed a categoryfree NRI that was used in the current study. This new reclassification method also considers time-to-event data.
In the 2013 American College of Cardiology/American Heart Association Guideline on the Assessment of Cardiovascular Risk, 2 incident ASCVD was introduced as new outcome. Incident ASCVD, defined as nonfatal myocardial infarction or coronary heart disease death or fatal or nonfatal stroke, differs from earlier CVD end points by now including ischemic stroke. Previous studies have had different variations in end points not all including stroke, which makes comparisons difficult. In the current study, the outcome in the 2013 American College of Cardiology/American Heart Association Guideline on the Assessment of Cardiovascular Risk was used, although we used a more narrow definition of coronary heart disease death, only including fatal myocardial infarction, in order not to introduce ascertainment bias and improve the internal validity of this end point.
In this study, we tested several different models in different combinations that increase the possibility of type 1 errors, which may limit the interpretation of the results. Other limitations are the lack of variety in age, (in general one of the strongest predictors for ASCVD events) and that the cohort only consisted of men. Although this limits the findings of our study, it may enable the identification of new associations, as the effects of age and sex are limited or nonexistent. Our results need to be confirmed in populations with both sexes and with a wider age distribution. Another limitation is that cost-effectiveness analysis was not performed because of the overall high absolute risk in this population.
Perspectives
Our results support the use of both NT-proBNP and ABP to improve risk prediction in elderly male patients. NT-proBNP and ABP are widely available and not harmful with possible benefit for the patients as treatment may reduce risk for future ASCVD events. However, our results need to be confirmed in further studies including cost-effectiveness analyses with estimates of the number needed to screen, before they can be recommended in clinical practice. 
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Ambulatory blood pressure measurement
The device was fitted to the patients´ non-dominant arm by a skilled lab technician. Systolic BP (SBP) and diastolic BP (DBP) were measured every 30 min during daytime (0600-2300) and every hour during night time over 24 hours. From November 1993, BP was measured every 20 minutes during the whole 24-hour period. Limited editing was done excluding all readings of zero, DBP >170 mm Hg, SBP >270 mm Hg or < 80 mm Hg and all readings with pulse pressure (PP) less than 10 mm Hg.
Office blood pressure
The values was recorded twice and to the nearest even figure and presented as means of the two values for each BP. SBP and DBP was defined as Korotkoff phases I and V, respectively. Hypertension prevalence was defined as a supine SBP of 140 mmHg or greater and/or DBP of 90 mmHg or greater and/or treatment with anti-hypertensive drugs for hypertension. Men treated with these drugs for other reasons, i.e. congestive heart failure, were thus not included in this definition. Hypertension treatment was defined as treatment with antihypertensive drugs.
Laboratory examination
Serum Cystatin C and hs-CRP measurements were performed by latex enhanced reagent (Dade Behring, Deerfield, IL, USA) using a Behring BN ProSpec analyzer (Dade Behring). The assays were performed at the Department of Clinical Chemistry, University Hospital, Uppsala, which is accredited according to 17025 by Swedac. Plasma NT-proBNP was determined with a sandwich immunoassay on an Elecsys 2010 (Roche Diagnostics, Basel, Switzerland). Biomarker analysis was based on frozen samples stored at -70° C for a mean (SD) of 11±2 years. Plasma glucose in samples from the oral glucose tolerance test was measured by the glucose dehydrogenase method (Gluc-DH, Merck, Darmstadt, Germany). Cholesterol and triglyceride concentrations were analyzed in serum and in the isolated lipoprotein fractions by enzymatic techniques using IL Test Cholesterol Trinders's Method and IL Test Enzymatic-colorimetric Method for use in a Monarch apparatus (Instrumentation Laboratories, Lexington, USA). HDL particles were separated by precipitation with magnesium chloride/phosphotungstate. LDL cholesterol was calculated using Friedewald's formula: LDL=serum cholesterol-HDL-(0.45·serum triglycerides in mmol/L). Diabetes was diagnosed according to the 1985 WHO criteria 1 . Table S1 C-statistics and hazard ratios for adjusted cardiovascular risk models for different ambulatory blood pressure variables at 71 years of age the ULSAM cohort 24h, 24 hour; AUC, area under the receiver-operating characteristic curve; CI, confidence interval; CV, cardiovascular; DBP, diastolic blood pressure; HR, hazard ratio; PP, pulse pressure; SBP, systolic blood pressure * basic CVD risk factor model consists of SBP office, serum cholesterol, HDL, BMI, age, treatment for hypertension (yes/no), diabetes, (yes/no), lipid lowering treatment (yes/no) and smoking status (yes/no) Adjusted HRs and CIs are presented for the BP variable stated, and for office SBP in the basic CV risk factor model. AUC is based on Harrell´s C. 
